follow-up visits were required. The study was approved by the Human Research Ethics Committee (Medical) of the University of the Witwatersrand (M101119) and Pharma Ethics.
Participant screening and enrolment
The women, aged 18 -80 years were screened by urinalysis. Eligibility criteria included: (i) presenting with UTI symptoms, and (ii) the provision of informed written consent. Exclusion criteria included women with a history of current renal disease or known urinary tract abnormalities, as well as recent in-patient hospitalisation or the use of antimicrobial agents within the previous month. We enrolled women if their mid-stream urine (MSU) was positive for ≥2/4 criteria (protein, blood, leucocytes or nitrites); using either Quick Profile urine reagent strips (LumiQuick Diagnostics, USA) or the Uryxxon Relax automated urinalysis system (Macherey-Nagel, Germany).
Treatment of participants
We treated women attending the public clinic according to Essential Drugs List (EDL) recommendations with either a single 500 mg dose of ciprofloxacin (for non-pregnant participants) or with a 1-week course of 250 mg amoxicillin/125 mg clavulanic acid given 8-hourly (for pregnant participants). [6] We examined women attending private clinics and treated them according to their practitioner's antibiotic preference. We recorded the antimicrobial agents used to treat the presumptive UTIs on a laboratory tracker form that accompanied the MSU sample to the laboratory. Clinicians received antimicrobial susceptibility results only for those cases in which a urinary pathogen was isolated and determined to be resistant to the dispensed antimicrobial agent.
Bacterial isolation, species identification and laboratory reporting criteria
MSU specimens were sent in a cooler box to the National Institute for Communicable Diseases (NICD). We discarded MSU specimens that were >24 hours old on arrival at the NICD. Urine specimens were processed according to a routine standard operative procedure by using a 1 μl loop to inoculate both 5% blood and MacConkey agar plates (Diagnostic Media Products, SA). Inoculated plates were incubated for 18 hours at 35 -37 o C and then inspected for bacterial growth. We regarded the presence of ≥10 identical colonial morphotypes (≥10 4 colony-forming units (CFU)/ml) as microbiological evidence of a UTI. If <10 bacterial colonies were present, the urine was reported to have 'no significant growth' . If 2 different bacterial colony types were present in equal numbers, both were purified for further laboratory work. If ≥3 bacterial colony types were present, then the urine was reported as 'mixed growth' and the plates were discarded. The predominant colonies were re-cultured on 5% blood agar prior to identification and antimicrobial susceptibility testing. Bacterial colonies were initially classified by Gram-stain morphology and subsequently definitively identified using the VITEK 2 system (bioMérieux SA, France). Bacterial strains were archived at -70 o C in Microbank storage vials (Pro-Lab Diagnostics, Canada) for the study duration.
Antimicrobial susceptibility testing
Bacterial species were first suspended in 2 ml 0.9% sterile saline to turbidity equivalent to a 0.5 McFarland standard (10 8 CFU/ml). A cotton-tipped swab was used to inoculate appropriate media (Diagnostics Media Products, SA) with the bacterial suspension. As recommended by the Clinical Laboratory Standards Institute (CLSI), we used Mueller-Hinton agar to perform antimicrobial susceptibility testing for either Gram-negative bacilli (GNB) or GPC in clusters, while Mueller-Hinton agar with 5% sheep's blood was used for GPC in chains. [7] Susceptibility to the following antimicrobial agents was determined immediately after pathogen identification using Etest strips (AB Biodisk, Sweden): cefixime, cefuroxime, ciprofloxacin, norfloxacin, levofloxacin, amoxicillin/ clavulanic acid and trimethoprim/sulphamethoxazole. After recruitment had been completed, we performed additional Etestbased minimum inhibitory concentration (MIC) assays for 2 further antimicrobial agents, fosfomycin and nitrofurantoin, using bacterial isolates cultured from -70 o C stock vials in the same manner as described above. For fosfomycin, glucose-6-phosphate (25 mg/l) was incorporated into the Mueller-Hinton agar, as recommended by CLSI guidelines. [7] We used 3 bacterial strains as controls for antimicrobial susceptibility testing: E. coli (American Type Culture Collection (ATCC) 25922); Staphylococcus aureus (ATCC 25923); Streptococcus pneumoniae (ATCC 49619). After placing Etest strips on the inoculated agar surface, we incubated plates for 24 hours before reading the MIC of each antimicrobial agent for each isolate, according to manufacturer's instructions.
Wherever possible, we interpreted MICs according to CLSI breakpoint criteria. [7] As surrogate antibiotics for cefixime we used the CLSI breakpoints for the parenteral third-generation cephalosporins, ceftizoxime and ceftriaxone, for GPC in clusters and for β-haemolytic streptococci, respectively. Since enterococci are inherently nonsusceptible to cephalosporins, they were reported as such, regardless of MIC value. For β-haemolytic streptococci we reported: (i) susceptibility to amoxicillin/clavulanic acid using surrogate CLSI breakpoints for ampicillin; (ii) susceptibility to cefuroxime using surrogate CLSI breakpoints for ceftriaxone; and (iii) susceptibility to trimethoprim/ sulphamethoxazole using surrogate CLSI breakpoints for S. pneumoniae. When testing fosfomycin against GPC, we used the antimicrobial susceptibility breakpoints of the British Society for Antimicrobial Chemotherapy (BSAC) for staphylococci (version 10.2, May 2011) for both GPC in clusters and β-haemolytic streptococci. [8] We also used the BSAC breakpoints to determine susceptibility of β-haemolytic streptococci to nitrofurantoin.
Data analysis
Data were entered into a Microsoft Access database and analysed using Microsoft Excel. We determined the MIC 50 and MIC 90 values for each antimicrobial agent and investigated associations between variables of interest using the chi-squared test. All statistical analyses were conducted using STATA version 10.1 (StataCorp, USA).
Results

Participant recruitment and characteristics
Overall, 460 participants were recruited at the 1 public (n=230) and the 5 private practice facilities (n=230). The mean participant age was lower at the public sector facility (31.0 v. 34.7 years). The age range of recruited participants did not differ markedly by facility type (18 -74 v. 18 -79 years in public and private sector, respectively). Almost all participants attending the public facility were black Africans (229; 99.6%), while the racial distribution was more varied at the private practice facilities (139 white (60.4%); 56 black African (24.3%); 21 Indian (9.1%); 10 coloured (4.3%); 4 unknown (1.7%)).
Urinalysis and clinical symptoms
The frequency distribution of detected urine dipstick abnormalities and UTI-related clinical symptoms is shown in Table 1 . Isolation of a UTI pathogen was significantly associated with proteinuria (p=0.008), the presence of nitrites (p<0.001), dysuria (p<0.001), urgency (p<0.001), frequency (p<0.001) and strong-smelling urine (p<0.001). In contrast, failure to isolate a bacterial pathogen was significantly associated with discoloured urine (p=0.037) and pregnancy (p<0.001). There were no other significant associations between UTI pathogen isolation and the other diagnostic criteria listed in Table 1 .
Antimicrobial agent prescribing practice
At the public facility, ciprofloxacin (192; 83.5%) and amoxicillin/clavulanic acid (19; 8.5%) were the main antimicrobial agents prescribed to participants in accordance with the EDL guideline. The study nurse reported drug stock-out at the facility's pharmacy on some days during the study; accordingly, other drugs had to be used to treat presumptive UTIs in the remaining 19 (8.3%) cases. Antimicrobial prescribing was more varied at the private practice facilities for the 151 (65.7%) participants for whom data were recorded. Ciprofloxacin was the most frequent therapeutic choice (76; 50.3%), followed by fosfomycin (27; 17.9%), amoxicillin/clavulanic acid (23; 15.2%), cefuroxime (10; 6.6%), cefpodoxime (7; 4.6%), levofloxacin (6; 4.0%) and amoxicillin (2; 1.3%).
Laboratory culture and identification of UTI pathogens
Within the laboratory we processed 425 (92.4%) MSU samples; 35 (7.6%) specimens were discarded on the basis of being >24 hours old. We isolated bacteria in significant numbers in 203 (47.8%) participants; most were single organisms (200; 98.5%) while 3 participants (1.5%) had 2 different bacterial species identified. Culture of the MSU samples of 2 patients grew Gram-positive bacteria, Kocuria kristinae and Pediococcus pentosaceus, that we regarded as skin and vaginal commensals rather than UTI pathogens. Accordingly, we did not include these 2 isolates in the antimicrobial susceptibility analyses. Plates with 'no significant growth' , 'no growth' or 'mixed growth' were reported for 138 (32.2%), 84 (19.6%) and 0 (0.0%) participants, respectively.
After excluding the 2 commensal isolates described above, we identified a total of 204 UTI pathogens in 201 participants (Table  2 ). In terms of Gram-stain morphotype, 182 (89.2%) were GNB and 22 (10.8%) were GPC ( Table 2) . Self-reported pregnancy status was available for most of these participants (199/201, 99.0%). The prevalence of GPC was significantly higher among pregnant than non-pregnant women (5/19 (26.3%) v. 17/180 (9.4%), respectively; p=0.026). There were no significant associations between the detection of a UTI pathogen or the Gram stain morphotype and either the participant's racial group (p=0.448 and p=0.734, respectively) or the facility type (p=0.944 and p=0.456, respectively). Identification of the UTI pathogens-to-species level, as determined by the VITEK 2 system, demonstrated that E. coli accounted for just over three-quarters of all UTI pathogens isolated (160; 79.6%), while E. faecalis was the most frequent Gram-positive organism detected (8; 4.0%) ( Table 2 ). There was a Staphylococcus haemolyticus 1 (0.9) 1 (1.1) 2 (1.0) GNB = Gram-negative bacilli; GPC = Gram-positive cocci. * Excludes 1 K. kristinae isolate and 1 P. pentosaceus isolate, which were regarded as commensal contaminants from the skin and vagina, respectively. † One plate, containing a GNB, was discarded in error before species identification and antimicrobial susceptibility testing.
significantly higher prevalence of E. faecalis isolation in MSU samples collected in the private facilities than in the public facility (7/94 (7.4%) v. 1/107 (0.9%), respectively; p=0.018).
Antimicrobial susceptibility
In error, we discarded 1 UTI pathogen, a GNB, prior to antimicrobial susceptibility testing. 
Discussion
This study describes the aetiology of community-acquired UTIs in women presenting to public and private facilities in Gauteng Province. In keeping with the existing literature, most bacterial isolates were GNB including E. coli, which accounted for 80% of bacterial isolates. [1] The UTI pathogens tested were most susceptible to fluoroquinolones, cephalosporins, fosfomycin and nitrofurantoin. While these pathogens were less susceptible to amoxicillin/clavulanic acid than to fluoroquinolones and fosfomycin, amoxicillin/clavulanic acid had a similar susceptibility profile to both cephalosporins and nitrofurantoin. In contrast, >50% of the UTI pathogens tested were susceptible to trimethoprim/sulphamethoxazole. In terms of directed therapy based on known Gram-stain morphotypes, our data suggest that fosfomycin, fluoroquinolones and cephalosporins would be good choices for GNB infections while GPC infections may be treated best with amoxicillin/clavulanic acid, nitrofurantoin or fluoroquinolones.
Community-acquired UTIs continue to represent a financial burden for many countries and short-course treatments are favoured, where possible, as resistance develops less commonly. [9] As antimicrobial resistance escalates, the cost of managing such infections will increase as more expensive antimicrobial agents are required to ensure microbiological cure. Within SA, most community-acquired UTIs are treated empirically without the need for laboratory investigation and susceptibility testing of isolated UTI pathogens. The lack of community-derived microbiological data presents challenges to those responsible for recommending firstline UTI therapy/ies. The choice of first-line antimicrobial agents is determined by a number of factors, including in vitro susceptibility, side-effect profile, patient allergy, patient's compliance profile, financial cost to the healthcare system or the patient, therapeutic efficacy, and the agent's propensity for producing an ecological adverse effect, i.e. the development of further bacterial antimicrobial resistance over time due to selection pressure. [10] Maartens and Oliver [11] undertook a similar microbiological study of community-acquired UTI pathogens to determine the prevalence of antimicrobial resistance in Cape Town, SA. Their study, performed over a decade ago with different methodology, reported an almost identical prevalence of resistance to trimethoprim/sulphamethoxazole (47.3%), but a relatively low level of resistance to ciprofloxacin (2.8%). Our data confirm the rising prevalence of fluoroquinolone resistance among community-acquired UTI pathogens in SA. [12] The Infectious Diseases Society of America (IDSA) recently published guidelines that recommend a 10% resistance threshold for the treatment of community-acquired UTIs with fluoroquinolones; above this threshold, fluoroquinolones should not be used as empirical treatment. [13] Fluoroquinolones offer broad-spectrum UTI pathogen cover with few side-effects and are suitable for the treatment of complicated UTI and pyelonephritis; however, their main disadvantages are that they are contraindicated in pregnancy and they have a high propensity for ecological adverse effects.
[1] Fosfomycin has a broad antibacterial spectrum and inhibits phosphoenolpyruvate transferase, the first enzyme involved in peptidoglycan synthesis. [14] Like nitrofurantoin, fosfomycin is only suitable to treat lower UTIs. Administered as a single oral dose of 3 g fosfomycin-trometamol, it has few side-effects and is safe in pregnancy, it does not exhibit cross-resistance and it is useful to treat multidrug-resistant UTI pathogens, including ESBL-producing Enterobacteriaceae and vancomycin-resistant enterococci. [14] [15] [16] A major disadvantage of fosfomycin is its relatively high cost in comparison with the other antimicrobial agents currently in use for the treatment of community-acquired UTIs. In terms of clinical efficacy, there are some concerns about unacceptably high prevalence of bacterial persistence. [17] Although fosfomycin resistance infrequently occurs as a result of chromosomal mutations, resistant bacteria exhibit a reduced rate of growth and appear less virulent in terms of their ability to adhere to uro-epithelial cells in vitro. [18] Our data suggest that cephalosporins are best suited as a treatment option for directed therapy for confirmed Gram-negative UTIs. This differential susceptibility of cephalosporins on the basis of Gramstain morphotype has been described previously in SA. [10] Although cefixime, an oral third-generation cephalosporin, may be used as a single 400 mg dose for the treatment of UTI, it is presently only available for the treatment of gonorrhoea in the SA public sector. Oral cephalosporins have the advantage of being safe to prescribe in pregnancy and induce few side-effects.
Nitrofurantoin monohydrate macrocrystalline formulation, given orally as a 5-day course, is well tolerated, has good efficacy and a low propensity for ecologically adverse events. Nitrofurantoin is recommended as one of several first-line agents in the IDSA 2010 guidelines and, within SA, it is also recommended for short-term prophylaxis in women with recurrent UTIs. Nitrofurantoin may be either bacterio-static or -cidal in action, depending on the concentration and susceptibility of the infecting organism, and exerts its effects by inhibiting DNA, RNA, protein and cell wall synthesis. Side-effects are generally minor, such as nausea and urine discolouration, but haemolytic anaemia is a risk in those patients with glucose-6-phosphate dehydrogenase deficiency, and pulmonary fibrosis may occur with long-term use.
A strength of our study is that it was undertaken at both public and private sector healthcare facilities in Gauteng Province; however, the findings may not be nationally representative. Additionally, to enhance organism yield, we selected participants after initial screening by urinalysis, which could present a bias in pathogen selection. For some of the antibiotics it was difficult to determine the category of antimicrobial susceptibility due to the absence of appropriate CLSI or BSAC MIC breakpoints. A further limitation is that we measured in vitro resistance rates; these data may overestimate clinically relevant resistance to the antimicrobial agents tested. Finally, although injectable gentamicin and ceftriaxone are recommended for the treatment of severe upper UTIs in the SA EDL, they were not tested in the current study.
In conclusion, our study provides valuable local data for empirical antimicrobial therapy for community-acquired UTIs. In view of rising antimicrobial resistance trends among UTI pathogens, we recommend that consideration be given to the establishment of a national sentinel surveillance system to monitor the antimicrobial susceptibility profiles of community-acquired UTI pathogens within SA. Such a programme would generate the required evidence base to support antibiotic guideline and policy creation.
